The study includes an assessment of groundwater quality from one shallow and two deeper aquifers in the Danube left bank, under the conditions of coexistence of the open coal mine, arable lands with increasing irrigation needs and potential regional water supply system for the Banat region. The spatial distribution maps of the targeted parameters were used as a starting point in the identification of nine zones in the study area. The Piper plot and the specific ionic plots pointed out that dissolution of carbonate and silicate minerals, as well as cation exchange, plays a significant role in the groundwater chemistry. Although the geological and hydrogeological complexity of the study area highlighted the considerable vertical and horizontal zonations when it comes to groundwater quality, waters have a desirable quality for drinking while for irrigation the eastern zone of the study area is better. Vertical mixing of shallow and deeper groundwaters confirmed the post-sedimentary faulting and erosion of coal seams in the central part of the study area. Generally, the results of determining the origin and quality of groundwaters throughout the study area could greatly help in making decisions regarding the regional water supply and expansion of irrigated lands in the future.
Introduction
Groundwater constitutes the largest reservoir of freshwater in the world (excluding glaciers and ice caps); thus it is major source of potable, agricultural and industrial water. According to the International Groundwater Resources Assessment Centre (IGRAC) [1] , groundwater provides almost 50% of all drinking water worldwide, about 40% of water for irrigated agriculture and about 30% of water supply required for industry. Similar to the majority European countries, the contribution of groundwater to the water supply in Serbia is around 70%, of which more than 50% comes from alluvial aquifers [2] . These valuable resources are under increasing pressure due to different human activities (including population-and wealth growth) and climate change [1] .
The water supply in the northern part of Serbia, Province of Vojvodina, depends only on groundwater resources [3] . Municipal and industrial water supplies in Vojvodina rely entirely on groundwater abstractions from the three types of aquifers: alluvial aquifers, the
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main water-bearing complex (WBC), and Pliocene aquifers. In the Banat area water is tapped from the shallow "first" aquifer in southeastern Banat (depth to 25 m), while the depth of abstracted water increases in the north, where the groundwater originates from WBC (230 m) or Pliocene water-bearing strata. In the deeper aquifers recharge is very slow and under the pressure of over-exploitation (especially in the north Banat region) and current abstraction rates exceed sustainable yield [4] . Groundwater chemical compositions are controlled by the geological and hydrogeological conditions of the water-bearing strata, and in the numerous cities are inadequate for human consumption [3] . The Water Master Plan (WMP) of the Republic of Serbia [5] addresses the issues of the organized water supply in the Banat region. The problem could be resolved through the creation of a regional water supply system at the KovinDubovac area with 42 new radial wells, which were supposed to be drilled about 50 m from the dike toe, in line with the Danube River near Dubovačka Ada and the open pit. This regional water supply system would connect 16 municipalities in the Banat. The raising of the groundwater table in the study area is caused by the Iron Gate Hydro Power and Nautical System (Iron Gate HPNS). Both systems significantly modified the Danube river regime and caused a number of issues concerning water management decisions, as well as agricultural production in the riparian belt [6] . Almost 300 drainage wells (DWs), dykes and branched drainage ditches network, are needed to maintain groundwater levels at pre-defined depths in order to protect further inland from the impact of Iron Gate 1HPP reservoir.
Additionally, Kovin is one of the most important Upper Miocene coal basins in Serbia and has great economic importance as a source of energy production. The Kovin coal basin is divided on western "Field A" (16.3 km 2 ) and eastern "Field B" (23.7 km 2 ) [7] . According to the official data, lignite resources in the Kovin area are estimated at 275 Mt.
Although agriculture has been an important part of Serbia's economy, and cropland occupies almost 70% of the country, only a small percentage of arable land is irrigated [8] . Kovin-Dubovac is an important agricultural region with sparsely irrigated lands. A smaller area of irrigated lands is located in the central part of the Kovin-Dubovac depression south of Gaj village, while larger irrigated lands are situated to the north, between Kovin and Deliblato. WMP [5] projects that by 2021, total irrigated land will amount up to 11 050 ha.
There is an important need to improve the understanding of existing groundwater resources for an effective strategy of their use by different users.
A geochemical analysis provides a better insight of possible variation of groundwater quality as development process, and those results could be useful for determining its suitability for different purposes [9] .
This study represents an effort to characterize the origin of groundwater from different water-bearing layers, possible interlayer connections, and suitability of groundwater for different purposes (irrigation, water supply and industry). The estimation of groundwater quality and development of strategies for protection of aquifers from contamination are essential aspects of water resource management.
Description of the Study Area
The Kovin-Dubovac area is located in the southern part of the Pannonian basin, on the left bank of the Danube River (Fig. 1a ). This area covers approximately 100 km 2 of the alluvial plain, between Gaj and Varoška terrace on the north, the city of Kovin to the west, Dubovac village to the east and the Danube River to the south (Fig. 1b) . Also, the area involves lowlands with altitudes of from 67 to 71 m a.s.l. In southeast Banat, Middle Miocene (Sarmatian) deposits consist of clayey marlstone interbedded with very thin layers of marly-clay, clayey sandstone, sand, and gravel [7] . In the horst structure of Kovin-Gaj the basement beds are overlaid by Pannonian marly-clays, marls and clays [10, 11] , while in the Kovin coal deposits area, Pannonian sediments consist of caspibrackish grey and white marlstone with a rare thin layer of clay and silt with two lignite seams [12] . Pannonian beds (Fig. 1c) are overlaid by lower (marls, silts, and fine-grained sands and clays sporadically with very thin lignite interlayer) and upper Pontian deposits (with three productive lignite seams) [13] (Fig. 1c) . Upper Pontian deposits could be divided into two facies: Kostolac and Danubian (Fig. 1b) . Coalbearing Pontian sediments are made up of loosely bounded sand with three coal seams (upper-Ia and Ib, middle-II, and deep settled-III) of uneven thickness. In the central part of Kovin depression the lignite seams create an antiform due to post-sedimentary faulting, which causes layers to be partially eroded, whereas in the western and eastern parts seams are deeper settled (Field B) or depleted [13, 14] . Pontian deposits, which are overlaid by freshwater Paludina beds (Fig. 1c) , consisting of clays and silts in lower, and sands, silts and clays in upper parts, are discovered in the area of the Deliblato dune. Polycyclic-fluvial (Qf) and fluvial-marshy (Qm) deposits eroded in the Kovin depression [11] , and the youngest Upper Pleistocene and Holocene sediments, are overlaying older ones (Fig. 1c) . The younger alluvial terrace (Qt 2 ), Varoška terace (Fig. 1c) , formed during the Upper Pleistocene/Holocen, presents the north border of the Kovin-Dubovac area (Fig. 1b) . The fluvial deposits constitute the youngest formation (Qa) and cover the largest part of the Danube alluvial plain (Figs 1b and 1c) . They have proven to be the good collectors of groundwater [2, 4, 11, 15] . The lower part of those sediments is comprised of gravels and sandygravels whose grain sizes vary to a large extent. This sequence of sediments ends with semi-permeable silts, silty-sands, silty-clays, and clays. The thickness of the gravels and sands in the Danube riparian is 15 to 20 m Assessing Groundwater Quality for Multiuse...
(locally up to 30m), while the thickness of the semipermeable layer is up to 7m [15] . The area of KovinDubovac alluvial plain has several alluvial aquifers and groundwater levels are relatively shallow (several meters from the ground). The "first aquifer" (I) occurs in Quaternary gravels and sandy-gravels. Deeper, subartesian aquifers (II and III) have been formed in older Pontian sands. Permeability coefficient is estimated at from 1.4x10 -3 to 2.4x10 -2 m s -1 for aquifer I in the zone near the coal pit, and decreases to the north (0.5 to 2x10 -3 m s -1 near the northern border) and with depth (nx10 -4 to 10 -5 m s -1 for the sands of III aquifer) [13] .
Material and Methods
Several hydrochemical sampling campaigns were performed on the Kovin-Dubovac area over the last seven years. Each campaign usually includes two sampling series: spring-summer and autumn. The first campaign was conducted during the 2010-2013 period on the 12 drainage wells, including the I aquifer, while the eight piezometers were monitored in the 2013-2014 period (Fig. 1d) . Sampling campaigns of the deeper groundwater aquifers were executed in 2015-2016 on 18 more piezometers (Fig. 1d) ), electrical conductivity (EC), pH value, groundwater temperature (T), alkalinity, total hardness (TH), and silica content. The total dissolved solids (TDS) were estimated using the calculation method. Groundwater levels were also measured. Groundwater level, temperature, pH value and electrical conductivity were measured in-situ (SEBA multi-parameter with dedicated sensor probes), whereas all of the other parameters were determined in the laboratory using the Standard Methods for the Examination Water and Wastewater practice (SMEWW) [16] . The accuracy of the chemical analysis was verified through the calculation of ion-balance errors; and the errors were less than 10%.
Data Analysis
The initial step in the data analysis involved spatial distribution of hydrochemical parameters (SURFER 8.0 software) through the spatial distribution maps in order to divide the Kovin-Dubovac area into the appropriate zones.
The hydrochemical classifications of groundwaters were determined based on the Piper trilinear diagram and the plots of ionic relations Ca 2+ +Mg 2+ versus total .0 software). The suitability of groundwater for irrigation, water supply and industrial purposes was evaluated through the calculation of the sodium adsorption ratio (SAR), percent sodium (%Na), residual sodium carbonate (RSC), Kelly's ratio (KR), and magnesium adsorption ratio (MAR), as well as Langelier saturation index (LSI), Ryznar stability index (RSI), and aggressive index (AI).
Results and Discussion
Hydrochemical Classification of Groundwater and TDS (r = 0.717). Data presented in Table 1 . The same chemical type is observed in a deeper aquifer in the eastern part of the study area (Fig. 3) , indicating important influx from Deliblato dune. Dots on the cation triangle characteristic for the central part of the terrain (Ib, IIb, and IIIb) show the shift from non-dominant type to Na + +K + type (Fig. 3) . Processes, such as cationic exchange and dissolution of mica and Na-feldspars, cause domination of Na + in the deeper groundwaters [17] . Groundwaters from IIa and partially IIIa aquifers belong to a non-dominant type (cation triangle), with characteristics shifting to mixing zone (central diamond). Also, the strong correlation coefficients, as given above, indicate the shifting to non-dominant hydrochemical type, and the stronger influence of Na + , K + , and Cl -with the depth (Figs 2d and 2e) . The central part of the study area is characterized by Na + +K + -HCO 3 -type for all three aquifers (Ib, IIb, and IIIb). Central diamond, Fig. 3 , shows that all DWs and piezometers from I aquifer and the eastern part of the area indicate temporary hardness, while deeper groundwater shifts through mixing zone to Na + +K + -HCO 3 -type. The plotted Ca 2+ +Mg 2+ points, compared to total cations (Fig. 4a) , fall significantly below the equiline -especially for the deeper aquifers in the western and central parts of the area, reflecting the increased contribution of potassium and sodium in groundwater chemistry. The impact of sodium and 
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potassium also increases with depth, as confirmed by Piper plot (Fig. 3) and Pearson correlation coefficients, indicating a shift from Ca 2+ -HCO 3 -to Na + +K + -HCO 3 -type in the deeper western and central parts of the area (Fig. 2d) . In contrast, the plotted points, which represent aquifers in the eastern part of the research area (I-IIIc) fall near the 1:1 line, suggesting the dissolution of calcite and dolomite [18] . In the Kovin-Dubovac area, sulfate concentrations decrease with depth, and in II and III aquifers are usually below detection limit (Table 1) . Therefore, sulfate concentrations were excluded from the drawing of plot Ca 2+ +Mg 2+ versus HCO 3 -+SO 4 2-. Decreasing SO 4 2-concentrations with depth (Table 1) are most likely the result of the bacterial mediated process of sulfate-reduction. The plot (Fig. 4b) indicates that the source of Ca 2+ and Mg 2+ could potentially be carbonate dissolution from loess plateau beyond the study area (Fig. 1b) . When solution concentrations of Ca 2+ and HCO 3 -are high enough, calcium carbonate precipitation may occur. Calcite precipitation could be explained with microbial hydrolysis of urea [19] . Since KovinDubovac is an agricultural area and urea is relatively inexpensive, widely available, and easily degradable to carbon dioxide and ammonia, it could be an ideal agent for biogeochemical calcite precipitation in shallow Quaternary deposits.
The excess of HCO 3 -over Ca 2+ +Mg 2+ suggests a significant contribution of silicate sources of HCO 3 - in the central part of the Kovin-Dubovac depression (Fig. 4b) . Also, the low Ca+Mg/HCO 3 ratio, less than 0.5, in this area, could be the result of Ca 2+ +Mg 2+ depletion by cation exchange when Ca 2+ from groundwater is exchanged with Na + bound in clays. This phenomenon could explain the dominance of Na + and K + ions over Ca 2+ and Mg 2+ ions at all three aquifers in the central part of the area (Fig. 4c) .
In analyzed groundwater samples, 95% of all samples have a molar ratio Na/Cl above 1 (average molar ratio 4.71), which strongly indicates the non-halite source of Na + , and suggests the silicate weathering as a possible source of that cation (Fig. 4d) . Ratio Na/Cl versus electrical conductivity could be used for identifying the evaporation process [17] . Although plotted dots show that the evaporation process could explain the increase of EC for relatively constant Na/Cl ratios in the shallow aquifer, it cannot be used for deeper ones (Fig. 4e) . In deeper aquifers Na/Cl ratio increases rapidly, except in the eastern part of II aquifer, where a significant groundwater influx from Deliblato dune exists.
Suitability of Groundwater for Various Purposes

Quality Assessment for Irrigation Purposes
Analysis of groundwater shows significant differences between various parts of the research area. Thus, the changes in chemical composition may affect the utility of groundwater for various purposes, which require assurances of different water quality standards. The classification of groundwater for irrigation is summarized in Table 2 . Assessing Groundwater Quality for Multiuse... Based on the SAR values, the groundwaters from the Kovin-Dubovac area are classified as excellent for irrigation in all three aquifers ( Table 2 ). The percent sodium (%Na) shows excellent groundwater quality in the eastern part of the study area compared to the western and central parts, where sodium concentrations significantly increased with depth (Fig. 2d) . Higher RSC value in water indicates increased adsorption of sodium in soil [20] , where soil becomes alkaline and changes to sodic over time, if the water contains noticeable Na + concentrations. Lower RSC values are recorded in a shallow aquifer in the eastern part of the study area (Table 2) .
Additionally, the quality of irrigation water decreases with depth. KR values show a similar trend to RSC. The results are in accordance with increasing sodium concentrations with depth (Table 1) and sodium spatial distribution map (Fig. 2d) . Those results were expected, having in mind obtained a graph for the ionic relationship between Ca 2+ +Mg 2+ versus Na + +K + (Fig. 4c) . 
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MAR values indicate that groundwaters are suitable for irrigation with a slow decrease of water quality in the III aquifer on the east in the zone of the groundwater influx from Deliblato dune.
Generally, the obtained results (Table 2) ), whereas all other ions, calcium, magnesium and sulfate, comply with the requirements set by the Serbian standard. Based on the established maximum permitted values, the analyzed groundwaters are considered to be suitable for drinking. Bicarbonate, total dissolved solids, and total hardness currently do not have established values on the national scale.
As corrosion and scaling are common problems found in water supply and industrial systems, various indexes can be used to predict the water tendencies to precipitate or dissolve CaCO 3 , and therefore as the main parameters in determining water aggressiveness [22] . Based on LSI, RSI, and AI values, groundwaters are classified as moderately aggressive to aggressive. All the above indices are designed to indicate the tendency of given waters to deposit scales on metal substrates and surely not to predict the absolute corrosivity of waters.
Conclusions
Considering the over-exploitation of groundwaters in the northern part of the Banat region, unsuitable drinking water quality and contamination of the drainage channels, analyzing groundwater origin in the south Banat region and its quality for multipurpose use was crucial.
Geological and hydrogeological complexities of the study area have an impact on the groundwater quality and chemical composition, which is reflected in vertical and spatial zonation. Based on the attempt made to study the quality of groundwaters, it was found that hydrochemical facies shifted from Ca 2+ -HCO 3 -to Na + +K + -HCO 3 -in the central part of the area. Obtained results suggest vertical mixing of shallow groundwaters with deeper ones, most likely due to lack of aquitard and eroded or cracked coal seams in the central part of the Kovin depression. The eastern part of the area shows the groundwater recharge from Deliblato dune direction. Results of chemical research indicate good stratification and vertical seclusion of the aquifers in the western part of the study area (Field A). Generally, groundwaters show significant exploitation potential for different purposes, but the potential for water supply and irrigation decreasing with groundwater depth. Due to mixing and an increase of some ions which are not desirable in elevated concentrations, the groundwaters from the central part of the area should be avoided for exploitation. Problems with corrosion could be avoided by using corrosion-resistant materials. On the other hand, in the vicinity of lignite exploitation the use of protective agents and fertilizers in agriculture (diffusion pollution) increase pressures on groundwater quality. Thus, further research should focus on some of the other parameters that could impact human health or indicate a degradation of groundwater resources.
